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TO SERVE UNTIL I9QI0 

E. G. CONKLIN......... Princeton University. 

Ross G. Harrison...... Yale University. 

CamiL_us G. Krpper....27 William Street, New York City. 
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Il. ACT OF INCORPORATION 


No. 3170. 
COMMONWEALTH OF MASSACHUSETTS 


Be It Known, That whereas Alpheus Hyatt, William Sanford 
Stevens, William T. Sedgwick, Edward G. Gardiner, Susan Minns, 
Charles Sedgwick Minot, Samuel Wells, William G. Farlow, Anna D. 
Phillips and B. H. Van Vleck have associated themselves with the 
intention of forming a Corporation under the name of the Marine 
Biological Laboratory, for the purpose of establishing and maintain- 
ing a laboratory or station for scientific study and investigation, and 
a school for instruction in biology and natural history, and have 
complied with the provisions of the statutes of this Commonwealth 
in such case made and provided, as appears from the certificate of 
the President, Treasurer, and Trustees of said Corporation, duly 
approved by the Commissioner of Corporations, and recorded in 
this office; 

Now, therefore, 1, Henry B. Pierce, Secretary of the Common- 
wealth of Massachusetts, do hereby certify that said A. Hyatt, W. S. 
Stevens, W. T. Sedgwick, E. G. Gardiner, S. Minns, C. S. Minot, S. 
Wells, W. G. Farlow, A. D. Phillips, and B. H. Van Vleck, their asso- 
ciates and successors, are legally organized and established as, and 
are hereby made, an existing Corporation, under the name of the 
MarINE BroLocicaL Lagoratory, with the powers, rights, and privi- 
leges, and subject to the limitations, duties, and restrictions, which by 
law appertain thereto. 

Witness my official signature hereunto subscribed, and the seal of 
the Commonwealth of Massachusetts hereunto affixed, this twentieth 
day of March, in the year of our Lord One Tuousanp, E1icut Hun- 
DRED AND Er1GHtTy-EIGHT. 

HENRY B. PIERCE, 


Secretary of the Commonwealth. 
[SEAL. ] 





Ill. BY-LAWS OF THE CORPORATION OF 
THE MARINE BIOLOGICAL LABORATORY 


I. The annual meeting of the members shall be held on the second 
Tuesday in August, at the Laboratory, in Woods Hole, Mass., at 12 
o'clock noon, in each year, and at such meeting the members shall 
choose by ballot a Treasurer and a Clerk, who shall be, ex officio, 


members of the Board of Trustees, and Trustees as hereinafter pro- 


vided. At the annual meeting to be held in 1897, not more than 


twenty-four Trustees shall be chosen, who shall be divided into four 
classes, to serve one, two, three, and four years, respectively, and 
thereafter not more than eight Trustees shall be chosen annually for 
the term of four years. These officers shall hold their respective 
offices until others are chosen and qualified in their stead. The Direc- 
tor and Assistant Director, who shall be chosen by the Trustees, shall 
also be Trustees, ex officio. 

II. Special meetings of the members may be called by the Trustees, 
to be held in Boston or in Woods Hole at such time and place as may 
be designated. 

III. The Clerk shall give notice of meetings of the members by 
publication in some daily newspaper published in Boston at least 
fifteen days before such meeting, and in case of a special meeting 
the notice shall state the purpose for which it is called. 

IV. Twenty-five members shall constitute a quorum at any meeting. 

V. The Trustees shall have the control and management of the 
affairs of the Corporation; they shall present a report of its condition 
at every annual meeting; they shall elect one of their number Presi- 
dent and may choose such other officers and agents as they may think 
best; they may fix the compensation and define the duties of all the 
officers and agents; and may remove them, or any of them, except 
those chosen by the members, at any time; they may fill vacancies 
occurring in any manner in their own number or in any of the offices. 
They shall from time to time elect members to the Corporation upon 
such terms and conditions as they may think best. 

VI. Meetings of the Trustees shall be called by the President, or 
by any two Trustees, and the Secretary shall give notice thereof by 
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written or printed notice sent to each Trustee by mail, postpaid. 
Seven Trustees shall constitute a quorum for the transaction of busi- 
ness. The Boagd of Trustees shall have power to choose an Execu- 
tive Committee from their own number, and to delegate to such Com- 
mittee such of their own powers as they may deem expedient. 

VII. The President shall annually appoint two Trustees, who shall 
constitute a committee on finance, to examine from time to time the 
books and accounts of the Treasurer, and to audit his accounts at the 
close of the year. No investments of the funds of the Corporation 
shall be made by the Treasurer except approved by the finance com- 
mittee in writing. 

VIII. The consent of every Trustee shall be necessary to a dissolu- 
tion of the Marine Biological Laboratory. In case of dissolution, the 
property shall be given to the Boston Society of Natural History, or 
some similar public institution, on such terms as may then be agreed 
upon. 

IX. These By-Laws may be altered at any meeting of the Trustees, 
provided that the notice of such meeting shall state that an alteration 
of the By-Laws will be acted upon. 


X. Any member in good standing may vote at any meeting, either 


in person or by proxy duly executed. 





IV. REPORT OF THE TRUSTEES 


In making their last annual report the trustees had to announce, 
with deep regret, the retirement of Professor Whitman from the 
directorship of the laboratory. As was stated in that report, Pro- 
fessor Whitman was succeeded, in August, 1909, by Professor 
Frank R. Lillie, whose annual report is submitted herewith. At 
the same time Professor Gilman A. Drew was appointed to 
succeed Professor Lillie as Assistant Director. The trustees 
desire to express their satisfaction that the high ideals of work 
and the spirit of codperative endeavor, which the laboratory has 
so long striven to uphold, have been fully maintained, and that 
the institution has every reason to look hopefully to the future. 

The trustees announce with much pleasure that the plans look- 
ing towards the construction of a new and permanent laboratory 
building have in the past year made substantial progress. At the 
Baltimore meeting, in December, 1908, was announced a gift from 
the President of the Board of Trustees, Mr. Charles R. Crane, 
for the purchase of additional land at Woods Hole with a view 
to the future erection of such a laboratory building. With the 
approval of the donor, the fund thus acquired was used for the 
purchase of the tract known as the “ Kidder lot,” lying between 
the stone building and the street on which the original laboratory 
building faces. At the August meeting in 1909 Mr. Coolidge 
offered to prepare a tentative plan for a permanent fire-proof 
building, to be erected on this site, and a committee of the trustees 
was appointed to secure suggestions and details incident to the 
preparation of this plan, and to codperate with the Corporation 
committee on building. At the Boston meeting, in December, 
1909, a new committee was appointed to carry on this work, and 
it is hoped that during the present year the plans may take 
definite shape. 

The time has come when the laboratory should be provided 
with a building or buildings commensurate with the extent and 
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importance of the work in which it is engaged, and which will not 
suffer by comparison with the laboratories of other institutions of 
similar aim. The steady expansion of our work in past years has 
from time to time made imperative the construction of new build- 
ings; and that these have fulfilled their purpose is abundantly 
demonstrated by the work that has been done in them. Owing to 
financial limitations, however, most of these buildings were of a 
flimsy and temporary character, sometimes erected in haste to 
meet an immediate and pressing need; and they are not only in 
themselves imperfectly adapted to their purpose but have often 
called forth expressions of astonishment from foreign and other 
visitors that so much could have been accomplished with accom- 
modations so primitive. The cramped and often noisy working 
quarters, the unsteady foundations, imperfect equipment and 
inflammable nature of these buildings impress every worker and 
visitor at the laboratory ; and nothing is plainer than the need of a 
substantial, well equipped, safe and dignified new laboratory to 
form the principal center of the work at Woods Hole. The 
acquisition of a suitable site for this purpose is an important 


forward step, and the generous offer of Mr. Coolidge places the 
project before us in concrete form. It is the earnest hope of the 
trustees that the means may soon be found for carrying out the 
plans that are now being formulated; and it is their belief that 
when this has been done the laboratory will enter upon a new 
period of development that contains great possibilities of 
usefulness. 





V. TREASURER’S REPORT 


FoR THE YEAR ENDING DECEMBER 31, 1909 


INCOME 
NIN 2 ost vie is ve bi denn. aaa 
Donations 17,240.00 
Miscellaneous : 


Mess (net) 
Rent of microscopes.......... 
Sundries 


Supply Department 
as in tbwatiseetabGue dak sdabaaek 3,708.35 $30,369.34 


EXPENSES 
III ou. cits dado eteW aia aaiaaraw an aaa 
Advertising 
Biological Bulletin (net) 1,094.69 
Boats and launch 1,595.92 
Chemicals, chemist supplies, etc. .......... 659.32 
Fish trap (net) 113.16 
Instructors’ salaries 
Insurance 98.78 
Interest 150.00 
Labor 3,506.58 
Periodicals and library supplies 868.39 
Postage 79.24 
Real estate 
Repairs 1,011.21 
Sundries 2,262.09 
Supply department 6,380.69 $29,185.79 
Surplus $ 1,183.55 
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IrEMIzED List OF SUNDRY EXPENSES FOR THE YEAR 1909 
\nnouncements 5 69.00 
Care of cemetery lot 2.00 
Cleaning 35.00 
Crash 50.45 
EP: TO GUNRODS 5a oa x anaes hdinwayss 157.49 

371-35 
Engrossing Woods Hole greetings.......... 20.00 
Exchange on checks 32.68 
Eeomnes: W.-C. GatNR sn on <0 a cnc os aecawe 44.85 
Expenses purchase of land at Woods Hole... 10.31 
Express 158.95 
Gardener 4.70 
Sundry supplies 169.06 
Ree, 5. Gis, OOPWONORs «5 iN esieebe sins 5's 0's 60.00 
Instruments, laboratory supplies............ 131.15 
Lamps ; 13.85 
Laundry 17.29 
Lecture expense 25.00 
Plowing 3.00 
Premium on bond 7.50 

44.16 
Rent of typewriter 11.50 
Stationary, office supplies.................. 129.40 
Sundries 32.43 
Teaming and livery 14.00 
Telephone 61.97 
Treasurer’s office, clerical services.......... 520.00 


Water 65.00 $2,262.09 





MARINE BIOLOGICAL LABORATORY 
INVESTMENTS 


JANUARY 1, tIg10 


RESERVE FUND 
Amount of fund December 1, 1899 
Received from life memberships 
Income to January I, I9I0 
Gain from sale of securities................. 


7423-49 
Paid for current expenses of laboratory 6,000.00 $1,423.49 


Reserve fund now consists of the following: 
$3000 Am. Tel. & Tel. Co. 4s, cost 2,921.25 
6 shs. Am. Smelting & Refining Co. pfd..... 732.00 
770.24 
4,423.49 
The above stocks and bonds are held as collateral 
for loan of 3,000.00 1,423.40 
Liprary FuND 
Amount of fund December 1, 1899 
Income 
Gain: fram: sale Of securities... .......0000000- 
PE huGadesiionphwcece nasubn enn ead 


Library Fund now consists of the following: 
3 shs. Am. Tel. & Tel. Co., cost 
4 of $1000 Am. Tel. & Tel. Co. 4s, cost.... 
1 sh. Am. Smelting & Refining Co. Pfd., cost 122.00 


284.06 


Lucretia CROCKER FUND 
Amount of fund December 1, 1899 
Income after paying students’ fees.............. 
cp abkeieb eh hnb bod bao ainn ¥dni 
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Lucretia Crocker Fund now consists of the following: 
18 shs. Vermont & Mass. R. R. Co., cost.... 2,416.50 
1 sh. West End St. Ry. Co., cost 
1 sh. Am. Tel. & Tel. Co., cost 
4 of $1000 Am. Tel. & Tel. Co., 4s, cost 





REPORTS OF THE TREASURER, 
1906 TO 1909 


SUMMARY OF THE REPORTS OF THE TREASURER 
OF THE MARINE BIOLOGICAL LABORATORY 
JANUARY 1, 1907, TO JANUARY 1, 1910 


RECEIPTS 
Cash on hand January I, 1907............$ 
Income for 1907 
Income for 1908 


Income for 1909 30,369.34 $63,602.41 


DiIsBURSEMENTS 
TI OI i 66e nag tenbeeenaeie-eis $15,638.38 
Expenses for 1908 17,476.25 
EE ee 
Cash on hand December 27, 1909 1,301.99 $63,602.41 





VI. THE DIRECTOR’S REPORT 


To THE TRUSTEES OF THE MARINE BIOLOGICAL LABORATORY. 

Gentlemen; I have the honor to submit herewith a report on the 
work of the twenty-second session of the Marine Biological 
Laboratory for the year 1909. The year has been a successful 
one as measured by the growth of all departments, by the genuine 
and hearty cooperation of naturalists and institutions, and by the 
increase in our resources. If any confirmation were needed of 
the necessity and value of the work of the Laboratory, this year 
has furnished it. 

Trustees.—At the regular summer meeting of the corporation, 
the following new members were elected to the board of trustees: 
Nathaniel L. Britton, Director-in-Chief of the New York 
Botanical Garden, Alfred G. Mayer, Director of the Marine 
Laboratory of the Carnegie Institution, and George Lefevre, Pro- 
fessor of Zodlogy in the University of Missouri. The board is 
to be congratulated on the accession of these gentlemen to its 
membership, which is now complete, consisting of thirty-two 
regular members and four members e-r officio. 

Staff —The staff of investigation and instruction in 1909 com- 
prised twenty-seven members, representing seventeen universities 
and colleges. There was no change in heads of departments ; but 
a new course was offered by Professor Edward G. Spaulding on 
‘Philosophical Aspects of Biology and Allied Sciences,” which 
aroused much interest. The members of the staff of investiga- 
tion rendered their services free. 

The work of organizing the library on a more effective basis 
received a great impetus owing to the efforts of the librarian, Dr. 
Knower. It is becoming increasingly important that more funds 


should be devoted to the purchase of books. There is no question 


that the enlargement of our library will greatly strengthen our 
position with the scientific public. 

Attendance.—The total attendance in 1909 was 129 as against 
100 in 1908. Of this number 66 were investigators and 63 stu- 
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dents. The gain was divided almost equally between investigators 
and students, fourteen of the former and fifteen of the latter. 
The class of beginning investigators alone showed a gain of 10, 
16 in 1909 as against 6 in 1908. This was one of the most 
encouraging features of the session. We should continue our 
efforts to increase the attendance of this class of workers, because 
it is one of the most important functions of our Laboratory to 
assist in the making of investigators; and because those who are 
to succeed us in the work of advancing our science and in the 
management of the Laboratory are represented by the younger 
investigators of to-day. 

Subscribing Institutions—The number of subscribing institu- 
tions was I9 in 1909 as against 17 in 1908; Princeton University, 
Oberlin College, and the University of Missouri were new, and 
we hope permanent, accessions. We are still, however, far from 
having reached the limit of growth in this respect and we may 
confidently expect new additions. A committee of the board is 
now engaged in correspondence with institutions on this subject. 

Donations.—The president of the board has again provided for 
the deficit in running expenses. He has also presented the 
Laboratory with a large piece of land having 157 feet of frontage 
on the main street and more than twice that on East Street, which 
unites our two main holdings and forms an ideal site for the 
erection of future permanent buildings. 

Supply Department.—The business of the Supply Department 
continues to grow in a satisfactory manner; it has been neces- 
sary to furnish Mr. Gray with two assistant collectors during the 
year instead of one as formerly, and a bookkeeper is also employed 
throughout the year, but the growth of the business has been 
more than sufficient to pay for the additional expense involved. 

In conclusion, I wish to express my thanks to the board of 
trustees for.their hearty support and to the members of the staff 
for their loyal cooperation in the work of the Laboratory. 

There are appended as parts of this report (1) a list of the 
staff, (2) the names of subscribing institutions, (3) lists of 
investigators and students in attendance, (4) a comparative 
tabular view of attendance, (5) the evening lectures, (6) a list 
of members of the Corporation. 





THE STAFF, 1909 


F. R. LILLIE, Director, 


Professor of Embryology, University of Chicago. 


GILMAN A. DREW, Assistant D1RreEcrTor, 


Profesor of Biology, University of Maine. 


ZOOLOGY 


I, INVESTIGATION 


Zodélogy and Embryology 
CONKLIN: ..<000:00 Professor of Zodlogy, Princeton Univer- 
sity. 

GILMAN A. DREw Professor of Biology, University of Maine. 

Ross G. HArRISON....... Professor of Comparative Anatomy, Yale 
University. 

GEORGE LEFEVRE Professor of Zodlogy, University of Mis- 
souri. 

Warren H. Lewis Associate Professor of Anatomy, Johns 
Hopkins University. 

FRANK R. LILLIE Professor of Embryology, University of 
Chicago. 

Tuos. H. MontcomMery, Jr.Professor of Zodlogy, University of Penn- 
sylvania. 

cidd. WORRINRs cca dccwun'e Professor of Zodlogy, Columbia University. 
(Absent in 1909.) 


E. G. 


Il, INSTRUCTION 


Winterton C. Curtis... Professor of Zodlogy, University of Mis- 
souri. 

Gipeon S. Dopps........ Fellow in Zodlogy, University of Pennsyl- 
vania. 

A. S. PEARSE Instructor in Zodlogy, University of 
Michigan. 

Joun W. Scott Westport High School, Kansas City. 
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Henry J. SPENCER Assistant in Zoélogy, Columbia University. 
Epwarp E. WitpMaAn....Central High School, Philadelphia. 


EMBRYOLOGY 
INVESTIGATION. (See Zodlogy) 
Il, INSTRUCTION 
GitMAN A. Drew Professor of Biology, University of Maine 
Loranve L. Wooprvurr.. Assistant Professor of Biology, Yale Uni- 
versity. 
WituraM E. Ketticotr..Professor of Biology, Woman’s College of 
Baltimore. 
Rosert A. Bupincton... Associate Professor of Zodlogy, Oberlin 
College. 


PHYSIOLOGY 


I, INVESTIGATION 
Apert P. Matuews....Professor of Physiological Chemistry, Uni- 
versity of Chicago. 
R. S. Livre Instructor in Comparative Physiology, Uni- 
versity of Pennsylvania. 


Il, INSTRUCTION 
H. H. NEwMAN......... Professor of Zodlogy, University of Texas. 
Frank P. Know.tton....Professor of Physiology, Syracuse Uni- 
versity. 
Instructor in Physiology, University of 


Chicago. 


PHILOSOPHICAL ASPECTS OF BIOLOGY AND ALLIED 
SCIENCES 


LECTURES 


Epwarp G. SPAULDING... Assistant Professor of Philosophy, Prince- 


ton University. 


BOTANY 


Georce T. Moore Professor of Plant Physiology and Applied 
Botany, Washington University. 

HENRY KRAEMER Professor of Botany and Pharmacognosy, 
Philadelphia College of Pharmacy. 

BE. By TOMAR: «5:0 5:s000 Professor of Botany, Wabash College. 

Grorce R. LyMaAn.......Assistant Professor of Botany, Dartmouth 
College. 
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LIBRARY 


H. McE. Knower Associate in Anatomy, Johns Hopkins Uni- 
versity, Librarian. 


Oxiver S. STRONG Instructor in Anatomy, Columbia Univer- 
sity, Chemist 


er Curator of Supply Department. 
Jacop SCHRAMM Wabash College, Collector in Botany. 
JoHN VEEDER Cockswain. 





INVESTIGATORS 
1909 


OCCUPYING ROOMS 


1. ZOOLOGY 


Appison, W. H. F., University of Pennsylvania. 

BeckwitH, Cora J., Instructor in Biology, Vassar College. 

Bentley, Mapison, Assistant Professor of Psychology, Cornell University. 

Bupincton, Rozert A., Associate Professor of Zodlogy, Oberlin College. 

Cxiark, Exior R., Instructor in Anatomy, Johns Hopkins Medical School. 

Conk.Lin, E. G., Professor of Zodlogy, Princeton University. 

Curtis, W. C., Professor of Zodlogy, University of Missouri. 

Dopps, Gipeon §S., Fellow in Zodlogy, University of Pennsylvania. 

Drew, Gi_tmaNn A., Professor of Biology, University of Maine. 

Gotprars, A. J., Investigator, Columbia University. 

GupernatscHu, J. F., Instructor in Embryology and Experimental Morphology, 
Cornell University Medical School, New York City. 

Harrison, Ross G., Bronson Professor of Comparative Anatomy, Yale Uni- 
versity. 

Harvey, B. C. H., Assistant Professor of Anatomy, University of Chicago. 

Ke.iicott, WiLL1AM E., Professor of Biology, Woman’s College, Baltimore. 

Kinc, Heren D., Assistant in Anatomy, Wistar Institute of Anatomy and 
and Biology. 

KirkHam, W1LL1AM B., Instructor in Biology, Yale University. 

Knower, H. McE., University of Toronto. 

Lerevre, Georce, Professor of Zodlogy, University of Missouri. 

Lituiz, Frank R., Professor of Embryology, University of Chicago. 

Lewis, Warren H., Associate Professor of Anatomy, Johns Hopkins Uni- 
versity. 

McDonoveu, James, Decatur III. 

McGI.Lt, Caro.ine, Instructor in Anatomy, University of Missouri. 

Mayer, AtFrep G., Carnegie Institution, Washington, D. C. 

Montcomery, Tuos. H., Jr., Professor of Zodlogy, University of Pennsylvania. 

Morcan, T. H., Professor of Experimental Zodlogy, Columbia University. 

Morritt, C. V., Lecturer in Histology and Embryology, Syracuse University. 

Mursacu, Louis, Central High School, Detroit, Mich. 

Payne, Fernanpus, University of Indiana. 

Pearse, A. S., Instructor in Zodlogy, University of Michigan. 

QuackensusH, L. S., Columbia University. 

Ricxetts, H. T., Assistant Professor of Pathology, University of Chicago. 

Scott, Joun W., Westport High School, Kansas City, Mo. 

Spencer, Henry J., Assistant in Zoédlogy, Columbia University. 

Srocxarp, CuHarves R., Assistant Professor of Embryology and Comparative 
Anatomy, Cornell Medical School. 
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SrronG, Ortver S., Instructor in Anatomy, Columbia University. 

WitpMAN, Epwarp E., Central High School, Philadelphia, Pa. 

Witson, E, B., Professor of Zodlogy, Columbia University. 

Wooprurr, L. L., Assistant Professor of Biology, Yale University. 

YERKES, Rosert M., Professor of Comparative Psychology, Harvard University, 


2. PHYSIOLOGY 


Braptey, Harotp C., Assistant Professor of Physiological Chemistry, Uni- 
versity of Wisconsin. 


Bunzet, H. H., University of Chicago. 
KNowLton, Frank P., Professor of Physiology, Syracuse University. 
Lituig, R. S., Instructor in Physiological Zoélogy, University of Pennsylvania. 


Matuews, Apert P., Professor of Physiological Chemistry, University of 
Chicago. : 


Newman, H. H., Professor of Zodlogy, University of Texas. 
Pike, Frank H., Instructor in Physiology, University of Chicago. 


3. BOTANY 
KRAEMER, Henry, Professor of Botany and Pharmacognosy, Philadelphia Col- 
lege of Pharmacy. 
LyMAN, GeorceE R., Assistant Professor of Botany, Dartmouth College. 


Moore, Georce T., Professor of Plant Physiology and Applied Botany, Wash- 
ington University, St. Louis. 


Tuomas, Mason B., Professor of Botany, Wabash College. 


OCCUPYING TABLES 
1. ZOOLOGY 


3oonE, W. D., University of Missouri. 

Bracc, Lutuer C., Assistant Entomologist, Agricultural College, Fort Collins, 
Colo. 

Browne, Eruet N., Instructor in Mathematics and Science, Bennett School, 
Millbrook, New York. 

Carter, J. L., University of Missouri. 

CuIpESTER, Fioyp E., Instructor in Biology, DePauw University. 

Epwarps, Dayton J., Tutor in Natural History, College of the City of New 
York. 

Grave, B. H., Associate Professor of Zodlogy, Earlham College, Richmond, 
Indiana. 

Harvey, E. Newton, Columbia University. 

Linton, Eveanor A,, Smith College. 

McKissen, Paut S., University of Chicago. 

Suorey, Marian L., Professor of Biology, Milwaukee-Downer College. 

THompson, Crystat, University of Michigan. 

Spooner, Georcina B., Columbia University. 

Wat.ace, Epitw M., Instructor in Zodlogy, University of Maine. 


2. PHYSIOLOGY 


Hucues, Winona A., Instructor in Chemistry, Mount Holyoke College. 
TINKHAM, FLorENceE L., 56 Temple Street, Springfield, Mass. 





I, 


STUDENTS 
1909 


INVERTEBRATE ZOOLOGY 


Apsott, Marcaret B., 413 W. Front Street, Plainfield, Mass. 


. ANDERSON, SARAH R., Readville, Mass., c/o A. L. Rotch, 

. Bayer, M. ExvitzasetH, Woman’s College, Baltimore. 

. Bett, Maset, Woman's College, Baltimore. 

. Bryan, Mary M., Teacher, Mary Institute, St. Louis, Mo. 

. CLarKeE, Heten Dorotuy, 1 Autumn St., Fenway, Boston, Mass. 

. FARMER, CHESTER J., Teaching Fellow in Biological Chemistry, Harvard 


)- 


10. 


Medical School. 


FARNHAM, CHARLOTTE, Instructor in Biology, High School, Poughkeepsie. 

Forzses. W. T. M., Fellow, Clark University. 

FRANKLIN, GeorcGe DwiGut, Assistant in Zodlogy, American Museum of 
Natural History. 


. GANNETT, CHarLoTre K., Vassar College. 
. Gannett, Lewis Srivces, University of Rochester. 
. GiLMorE, RAtpeu J., Instructor, Lehigh University. 


GoLDBERGER, JosePH, Assistant Surgeon, Hygienic Laboratory, Washington. 


. Isetey, F. B., Instructor in Biology, University of Oklahoma. 


Just, Ernest E., Instructor, Howard University. 


. Leavitt, Georce C., University of Maine. 


LEONARD, HELEN A., Vassar College. 


NicHotson, Mary, Western College, Oxford, Ohio. 


. Oper, Marion K., High School, Katonah, N. Y. 


Ocpen, Harotp B., Instructor, Park College, Parkville, Mo. 


2, OsBoRNE, FRANK J., University of Rochester. 
. Metten, Ipa M., Brooklyn, New York. 


Pettipone, C. J. V., Research Assistant Biological: Chemistry, Harvard 
Medical School. 


. Prentiss, HenrrettA, Instructor in Zodlogy, Normal College, New York City. 
. Repetincs, Lesiie H., Northwestern University. 

. Rem, CHaries D. Jr., Johns Hopkins Medical School. 

. Root, Francis M., Oberlin College. 


30. 
31. 
32. 
33. 
34- 
35+ 
36. 


Ruso, Apa, Laboratory Assistant, Oberlin College. 

Russet, Frepertck F., Curator Army Medical Museum, Washington, D. C. 
SHOWALTER, BENJAMIN R., Steele High School, Dayton, Ohio. 

STERLING, EUGENIE, 1129 Louisiana St., Lawrence, Kansas. 

Srockinc, Rutu J., Woman’s College, Baltimore. 

WeELts, Laura P., Mount Holyoke College. 

Watters, Fiorence A., Smith College. 

Wricut, ALBert H., Instructor in Zodlogy, Cornell University. 
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EMBRYOLOGY 


. ARMINGTON, SARAH R., Ingleside School, New Milford, Conn. 

. CrarK, Mary A., Instructor, Mount Holyoke College. 

. Dawson, Ava B., 97 Mountfort St., Boston, Mass. 

. Day, Lucy W., Laboratory Assistant, Mount Holyoke College. 

. Fercuson, J. S., Assistant Professor of Histology, Cornell Medical School. 

. Hort, Carotine M., Instructor in Zodlogy, Wellesley College. 

- Howranp, Ruts B., Sweet Briar College, Va. 

. Packarp, CHARLES, Instructor in Biology, Williams College. 

. Retnke, Epwin E., 116 South New Street, Bethlehem, Pa. 

. Romine, A. P., Instructor in Zodélogy, State Normal School, Bellingham 
Wash. 

. Smitu, Bertram G., Instructor in Zoélogy, University of Wisconsin. 

. Tompkins, EvizasetH M., White Plains High School, New York. 


PHYSIOLOGY 
. Carr, Emma P., University of Chicago. 
. Hayes, Cuarves H., Professor of Christian Apologetics, General Theologi- 
_ cal Seminary, New York City. 
. Hayes, Samuet P., Professor of Psychology, Mount Holyoke College. 
. Ives, Jupson D., Instructor in Biology, Wake Forest College, N. C. 
. Perr, Epirn A., 306 Clifton Avenue, Newark, N. J. 
. Raymonp, Epwarp H., 568 Fifth Avenue, New York City. 
. Seecey, Louise H., Jersey City High School, N. J. 


8 Stewart, Frances E., 414 N. Normal Park Way, Chicago, IIl. 


BOTANY 


. Hester, Lex R., Wabash College. 

. JeEnntson, Harry M., Massachusetts Agricultural College, Amherst. 
. Paice, Beryt H., Mount Holyoke College. 

. ScHoonover, ExizasetH H., Smith College. 

. SPALDING, CAROLINE, Wellesley College. 

. Taytor, ArtHuR W., Teacher, Salem, Mass. 





TABULAR VIEW OF ATTENDANCE 


INVESTIGATORS—Total 
Occupying Rooms 
Zoology 
Physiology 


Occupying Tables 
Zodlogy 
Physiology 

STupENTts—Total 


Embryology 
Physiology 
Botany 
UNIVERSITIES AND COLLEGES REPRESENTED. 47 
Investigators 
Students 
ScHooLs REPRESENTED 
Investigators 
Students 





SUBSCRIBING INSTITUTIONS, 1909 


ACADEMY OF NATURAL SCIENCES, PHILADELPHIA. 
Mount Horyoxke CoLLece. 

ROCHESTER UNIVERSITY. 

SMITH COLLEGE. 

UNIVERSITY OF CHICAGO. 

CoLuMBIA UNIVERSITY. 

UNIVERSITY OF PENNSYLVANIA. 

VASSAR COLLEGE. 

UNIVERSITY OF MICHIGAN. 

WELLESLEY COLLEGE. 

University oF Missouri. 

Wistar INSTITUTE OF ANATOMY AND BIOLocy. 
WoMaAn’s COLLEGE OF BALTIMORE. 

YALE UNIVERSITY. 

PRINCETON UNIVERSITY. 

VaSSAR BroTHERsS’ INSTITUTE. 

NORTHWESTERN UNIVERSITY. 


OBERLIN COLLEGE. 


UNIVERSITY OF KANSAS WoMAN’sS TABLE SUPPORTED 
RosBINnson. 


Lucretia CROCKER SCHOLARSHIP, Boston Pusiic SCHOOLS. 





EVENING LECTURES, 1909 


pe eee “ Mendelian Inheritance of Coat and 
Eye Color in Mice” July 6. 
A; Py SEASHEWS: 2.20000 “The Mechanism of Some Proto- 
plasmic Combustions ” 
Ross G. HARRISON....... “Protoplasmic Movement as a Fac- 
tor in the Development of the 
Nervous System” July 13. 
C. B. DAVENPORT “Variation in Dominance” July 16. 
Henry KRAEMER “Experiments on the Modification 
of Color in Plants” July 23. 
T. H. Montcomery, Jr...“ Architectural Habits of Spiders” July 27. 
Wis: hs SRS os ansneens “The Role of External Factors in 
Variation and Heredity ” . July 29. 
H. H. Newman.........“ A Unique Form of Reproduction 
in the Nine-banded Armadillo” July 30. 
M; Mercatr......... “The Protozoan Nucleus” ...... Aug. 6. 
i. E1GENMANN......“ An Expedition to British Guiana 
and the Kaieteur” ........ Aug. 9. 
. PARKER “Sponge Reactions and the Origin 
of the Nervous System” .... Aug. II. 





MEMBERS OF THE CORPORATION OF THE 
MARINE BIOLOGICAL LABORATORY 


LiFE MEMBERS 


Attis, Mr. Epwarp PHELPs, JR., Palais Carnoles, Menton, 
France. 


ANDREWS, Mrs. GWENDOLEN FouLkeE, 821 St. Paul St., Balti- 
more, Md. 

Bititincs, Mr. R. C., 66 Franklin Street, Boston, Mass. 

Carey, Mr. ARTHUR Astor, Fayerweather Street, Boston, Mass. 

CLaRKE, PRor. S. F., Williams College, Williamstown, Mass. 

ConKLIN, Dr. E. G., Princeton University, Princeton, New 


Jersey. 
CRANE, Mr. C. R., 2559 Michigan Boulevard, Chicago, III. 
Davis, Mayor Henry M., Syracuse, New York. 
Enpicotr, WILLIAM, JR., 31 Beacon St., Boston, Mass. 
Evans, Mrs. GLENDOWER, 12 Otis Place, Boston, Mass. 
Fartow, Pror. W. G., Harvard University, Cambridge, Mass. 
Fay, Miss S. B., 88 Mt. Vernon Street, Boston, Mass. 
Fotsom, Miss Amy, 88 Marlborough St., Boston, Mass. 
Foot, Miss KATHARINE, 80 Madison Avenue, New York City. 
GARDINER, Miss EuGcenta, 15 West Cedar Street, Boston, Mass. 
HammMonp, Mr. G. W., Hotel Hamilton, Boston, Mass. 
HANNAMAN, Mr. Cuartes E., 103 First Street, Troy, New York. 
Harrison, Provost C. C., University of Pennsylvania, Phila- 
delphia, Pa. 
Herter, Dr. C. A., 819 Madison Avenue, New York City. 
Hiccrnson, Mr. Henry L., 191 Commonwealth Avenue, Boston, 
Mass. 
Jackson, Miss M. C., 88 Marlborough Street, Boston, Mass. 
Jackson, Mr. Cuartes C., 24 Congress Street, Boston, Mass. 
KENNEDY, Mr. Georce G., 284 Warren Street, Roxbury, Mass. 
Kipper, Mr. C. G., 27 William Street, New York City. 
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Kipper, Mr. NATHANIEL T., Milto: 3s. 

Kinc, Mr. CHARLEs A. 

Lee, Mrs. Freperic S., 279 Madison Avenue, New York City. 

Lowe, Mr. A. LAwrence, 171 Marlborough Street, Boston, 
Mass. 

Mason, Miss E. F., 1 Walnut Street, Boston, Mass. 

Mason, Miss Ipa M., 1 Walnut Street, Boston, Mass. 

MEAans, Mr. JAMES Howarp, 196 Beacon Street, Boston, Mass. 

MERRIMAN, Mrs. DANIEL, Worcester, Mass. 

Minns, Miss Susan, 14 Louisburg Square, Boston, Mass. 

Minns, Mr. THomas, 14 Louisburg Square, Boston, Mass. 

Minot, Dr. Cuartes S., Harvard Medical School, Boston, Mass. 

Mrxter, Miss M. C., 241 Marlborough Street, Boston, Mass. 

Morcan, Mr. J. Prerront, JR., Wall and Broad Streets, New 
York City. 

Morean, Pror. T. H., Columbia University, New York City. 

Morean, Mrs. T. H., New York City. 

Norcross, Miss Laura, 9 Commonwealth Avenue, Boston, Mass. 

Noyes, Miss Eva J., 28 South Willow Street, Montclair, N. J. 

Nunn, Mr. Lucian L., Telluride, Colo. 

Osporn, Pror. Henry F., American Museum of Natural History, 
New York City. 

PELL, Mr. ALFreD, Highland Falls, Orange County, N. J. 

PHILLIPS, Dr. Joun C., 299 Berkeley Street, Boston, Mass. 

Puituips, Mrs. JoHn C., 299 Berkeley Street, Boston, Mass. 

Porter, Dr. H. C., University of Pennsylvania, Philadelphia, Pa. 

PuLSIFER, Mr. W. H., Newton Center, Mass. 

Rocers, Miss A. P., 5 Joy Street, Boston, Mass. 

Rocers, Mrs. WILLIAM B., 117 Marlborough Street, Boston, 
Mass. 

Sears, Dr. Henry F., 420 Beacon Street, Boston, Mass. 

SuHepp, Mr. E. A. 

SmiTH, Mrs. C. C., 286 Marlborough Street, Boston, Mass. 

STROBELL, Miss E. C., 80 Madison Avenue, New York City. 

THORNDIKE, Dr. Epwarp L., Teachers’ College, Columbia Uni- 
versity, New York City. 

TRELEASE, Pror. WILLIAM, Missouri Botanical Gardens, St. 
Louis, Mo. 
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Ware, Miss Mary L., 41 Brimmer Street, Boston, Mass. 
WarreN, Mrs. S. D., 67 Mt. Vernon Street, Boston, Mass. 
Wuitma\y, Dr. C. O., University of Chicago Chicago, IIl. 
WuitNey, Mr. Henry M., Brookline, Mass. 

Wittcox, Miss Mary A., Wellesley College, Wellesley, Mass. 
WitmatH, Mrs. H. D., Elliott Street, Jamaica Plain, Mass. 
Wituiams, Mrs. Anna P., 505 Beacon Street, Boston, Mass. 
WI son, Dr. E. B., Columbia University, New York City. 
Witson, Pror. W. P., Philadelphia Museum, Philadelphia, Pa. 





MEMBERS OF THE CORPORATION OF THE 
MARINE BIOLOGICAL LABORATORY 


DECEMBER, 1909 
Apas, C. F., University of Arkansas, Fayetteville, Ark. 
Appison, W. H. F., University of Pennsylvania, Philadelphia, Pa. 
ALsBurG, Cart S., U. S. Dept. Agriculture, Washington, D. C. 
Baker, E. H., 5444 Catherine St., Philadelphia, Pa. 
BARDEEN, C. R., University of Wisconsin, Madison, Wis. 
3ECKWITH, Cora J., Vassar College, Poughkeepsie, New York. 
BicELow, Rosert P., Mass. Inst. Technology, Boston, Mass. 
BLATCHForRD, E. W., 1111 Lasalle Ave., Chicago, IIl. 
BROOKOVER, CHARLES, Buchtel College, Akron, Ohio. 
Browne, EruHet N., Bennett School, Millbrook, New York. 
BUCKINGHAM, EpitH N., 342 Marlborough St., Boston, Mass. 
BupincTon, Rosert A., Oberlin College, Oberlin, Ohio. 
Bumpus, H. C., American Museum of Natural History, New 
York City. 
Byrnes, EstHer F., 193 Jefferson Avenue, Brooklyn, N. Y. 
Ca.xkins, Gary N., Columbia University, New York City. 
Catvert, Puivip P., University of Pennsylvania, Philadelphia. 
Carson, A. J., University of Chicago, Chicago, IIl. 
CaTTELL, J. McKeen, Garrison-on-Hudson, New York. 
CHESTER, WEBSTER, Colby College, Waterville, Me. 
CuIpester, Ftoyp E., DePauw University, Greencastle, Ind. 
Cuixp, C. M., University of Chicago. 
Ciapp, CoRNELIA M., Mount Holyoke College, South Hadley, 
Mass. 
Criark, Error R., Johns Hopkins University, Baltimore, Md. 
Corton, H. C., 3409 Powellton Avenue, Philadelphia, Pa. 
Comstock, J. H., Cornell University, Ithaca, New York. 
Curtis, W. C., University of Missouri, Columbia, Mo. 
Davis, W. H., 3032 N. 15th St., Philadelphia, Pa. 
Dimon, Apical C., 367 Genesee Street, Utica, New York. 
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Donatpson, H. H., Wistar Institute of Anatomy and Biology, 
Philadelphia. 

DorrRANCE, ANN, Dorranceton, Pa. 

DorrANCE, Frances, Dorranceton, Pa. 

Drew, GILMAN A., University of Maine, Orono, Me. 

Eaton, E. H., Hobart College, Geneva, N. Y. 

EIGENMANN, C. H., University of Indiana, Bloomington, Ind. 

Fretp, Irvinc, A., Western Maryland College, Westminster, Md. 

Fercuson, J. S., Cornell University Medical School, New York 
City. 

FREEMAN, Miss Harriet E., 37 Park St., Boston, Mass. 

Gace, S. H., Cornell University, Ithaca, N. Y. 

Gres, W. H., 437 W. 59th St., New York City. 

GLasER, O. C., University of Michigan, Ann Arbor, Mich. 

GOLDFARB, A. J., Columbia University, New York City. 

GREENMAN, M. J., Wistar Institute of Anatomy and Biology, 
Philadelphia, Pa. 

Grecory, Louise H., 1230 Amsterdam Avenue, New York City. 

Haraitt, C. W., Syracuse University, N. Y. 

Hatt, Roserr W., Lehigh University, Bethlehem, Pa. 

Harrison, A. C., Woods Hole, Mass. 

Harrison, Ross G., Yale University, New Haven, Conn. 

Harvey, B. C. H., University of Chicago. 

Hayes, S. P., Mt. Holyoke College, South Hadley, Mass. 

HeatuH, Haroip, Stanford University, Calif. 

Hoar, D. BLAKELy, 161 Devonshire Street, Boston, Mass. 

Hotes, S. J., University of Wisconsin, Madison, Wis. 

Haraitt, C. W., Syracuse University. 

Jackson, C. M., University of Missouri, Columbia, Mo. 

Jayne, Horace, Wistar Institute of Anatomy and Biology, 
Philadelphia. 

Jenninos, H. S., Johns Hopkins University, Baltimore, Md. 

Jones, Lynps, Oberlin College, Oberlin, Ohio. 

Jorpan,. H. E., University of Virginia, Charlottesville, Va. 

Ketitcott, W. E., Woman’s College, Baltimore, Md. 

KENNEDY, Harris, Readville, Mass. 

Kinc, Heten D., Wistar Institute of Anatomy and Biology, 
Philadelphia. 
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Kinessury, B. F., Cornell University Medical College, Ithaca, 
N. Y. 

Kinos.ey, J. S., Tufts College, Mass. 

KirKHAM, W. B., Yale University, New Haven, Conn. 

Knower, H. McE., University of Toronto, Toronto, Can. 

Know ton, F. P., Syracuse University, Syracuse, N. Y. 

KRAEMER, HENRY, 424 S. 44th Street, Philadelphia, Pa. 

Kriss, Hersert, University of Pennsylvania, Philadelphia. 

Ler, F. S., 437 W. 59th St., New York City. 

LeFevre, GEorGE, University of Missouri, Columbia, Mo. 

Lewis, WARREN H., Johns Hopkins University, Baltimore, Md. 

Liute, F. R., University of Chicago. 

Linton, Epwin, Washington and Jefferson College, Washington, 
Pa. 

Logs, JAcguEs, University of California, Berkeley, Calif. 

Logs, Leo, University of Pennsylvania, Philadelphia. 

LuscoMBE, WALTER O., Woods Hole, Mass. 

LyMaAn, GeorcE R., Dartmouth College, Hanover, N. H. 

Lyon, E. P., St. Louis University Medical School, St. Louis, Mo. 

McCtenpon, J. S., Cornell Univ. Medical School, New York 
City. 

McGILL, CaRoLtne, University of Missouri. 

McGrecor, J. H., Columbia University, New York City. 

MACKENzIE, Mary D., Western College, Oxford, O. 

McKrssen, Paut S., University of Chicago. 

McMuraricn, J. P., University of Toronto, Canada. 

Matt, F. P., Johns Hopkins Univ., Baltimore, Md. 

Mast, S. O., Johns Hopkins University, Baltimore, Md. 

MatHews, A. P., University of Chicago. 

Mayer, A. G., Maplewood, N. J. 

Meek, W. J., Westfield, Pa. 

Mercs, E. B., Harvard Medical School, Boston, Mass. 

MELTzeR, S. J., 13 W. 12st St., New York City. 

Metcatr, M. M., Oberlin College, O. 

Mrnor, Marte L., Wadleigh High School, New York City. 

Moenxuaus, W. J., University of Indiana, Bloomington, Ind. 

Montoomery, T. H., Jr., University of Pennsylvania. 

Moore, G. T., Washington University, St. Louis, Mo. 
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Moors, J. Percy, University of Pennsylvania. 

Morcan, H. A., Agricultural Experiment Station, Knoxville, 
Tenn. 

Morritx, A. D., Hamilton College, Clinton, N. Y. 

Morritt, CuHares V., Syracuse University, College of Medicine, 
N. Y. 

Morse, Max, College of the City of New York, New York City. 

Mursacu, Louts, 950 Cass Avenue, Detroit, Mich. 

Nacutries, H. F., University of Minnesota, Minneapolis, Minn. 

NEAL, H. V., Knox College, Galesburg, III. 

NewMaN, H. H., University of Texas, Austin, Texas. 

NicuHots, Miss M. L., 3207 Summer Street, Philadelphia. 

OcreveE, C. S., Lincoln, Ill. , 

OrTMANN, A. E., Carnegie Museum, Pittsburg, Pa. 

OsspurN, Raymonp C., Barnard College, Columbia University, 
New York City. 

PACKARD, CHARLES, Williams College, Williamstown, Mass. 

PacKarpD, WaLEs H., Bradley Polytechnic Institute, Peoria, Ill. 

ParKER, G. H., 16 Berkeley Street, Cambridge, Mass. 

Patten, Miss J. B., Simmons College, Boston, Mass. 

PayNE, FERNANDUS, University of Indiana, Bloomington, Ind. 

Pearse, A. S., University of Michigan, Ann Arbor, Mich. 

PIKE, FRANK H., University of Chicago. 

PorTER, WILLIAM T., 688 Boylston Street, Boston, Mass. 

QUACKENBUSH, L. S., 27 W. 73d St., New York City. 

RANDOLPH, HARRIET, Bryn Mawr College, Pa. 

RANKIN, WALTER M., Princeton University, N. J. 

Rea, Paut M., The Charleston Museum, Charleston, S. C. 

REIGHARD, JAcos, University of Michigan, Ann Arbor, Mich. 

Rice, Epwarp L., Ohio Wesleyan University, Delaware, Ohio. 

Ricketts, H. T., University of Chicago. 

Romine, A. P., State Normal School, Bellingham, Wash. 

Scott, Joun W., Westport High School, Kansas City, Mo. 

Scort, G. G., College of the City of New York, New York City. 

Scott, W. B., Princeton University, N. J. 

SHorEY, Martan L., Milwaukee-Downer College, Milwaukee, 
Wis. 

SmitH, Bertram G., University of Wisconsin, Madison, Wis. 





244 MARINE BIOLOGICAL LABORATORY. 


SmitH, Erwin F., U. S. Department of Agriculture, Washington, 
D. C. 

SOLLMAN, TORALD, Western Reserve University, Cleveland, Ohio. 

Spencer, Henry J., Columbia University, New York City. 

SPOONER, GEORGINA B., Columbia University, New York City. 

SrocKarp, C. R., Cornell Univ. Medical School, New York City. 

STREETER, GEORGE L., University of Michigan, Ann Arbor, Mich. 

Strrone, O. S., 437 West 59th Street, New York City. 

Stronc, R. M., University of Chicago. 

SuMNER, F. B., Woods Hole, Mass. 

TAYLOR, KATHERINE A., 1304 Eutaw Place, Baltimore, Md. 

TENNENT, D. H., Bryn Mawr College, Pa. 

Terry, O. P., Indiana Medical School, Lafayette, Ind. 

THOMPSON, CAROLINE B., 195 Weston Road, Wellesley, Mass. 

Tuomas, Mason B., Wabash College, Crawfordsville, Ind. 

TINKHAM, FLORENCE L., 56 Temple Street, Springfield, Mass. 

Tower, W. L., University of Chicago. 

THOMPKINS, ELizaBeTH M., High School, White Plains, N. Y. 

TREADWELL, A. L., Vassar College, Poughkeepsie, N. Y. 

UsHer, SUSANNAH, 1007 W. Illinois St., Urbana, III. 

Watson, FRANK E., 29 Maywood St., Worcester, Mass. 

Walte, FREDERICK C., Western Reserve Medical School, Cleve- 
land, Ohio. 

WHEELER, ISABEL, The Loiston, Toledo, Ohio. 

Wireman, H. L., University of Cincinnati, Cincinnati, Ohio. 

Witcox, ALice W., 165 Prospect Street, Providence, R. I. 

WILpDMAN, Epwarp E., 4009 Chestnut Street, Philadelphia. 

WILiiAMs, ANNA W., 549 Riverside Drive, New York City. 

Witson, H. V., University of North Carolina, Chapel Hill, N. C. 

Wooprvrr, L. L., Yale University, New Haven, Conn. 

Wo re, JAmes J., Trinity College, Durham, N. C. 

Wricnt, R. Ramsay, University of Toronto, Toronto, Canada. 

YERKES, Ropert M., Harvard University, Cambridge, Mass. 





OVULATION IN MAMMALS, WITH SPECIAL 
REFERENCE TO THE MOUSE AND RAT. 


WILLIAM B. KIRKHAM. 


Ovulation and its connection, if any, with pairing is a subject 
that has long engaged the attention of mammalian embryologists. 
As long ago as 1828 Von Baer made the statement, seemingly 
based more upon theoretical than upon experimental grounds, 
that the Graafian follicles of mammals appear not to rupture 
without pairing, or some analogous stimulation of the female 
sexual organs. It would seem to be a simple matter to determine 
in a given mammal whether ovulation was, or was not dependent 
upon copulation, but the literature of the subject shows long 
controversies about this point. The matter can best be taken 
up by considering individually the animals thus far studied. The 
egg of the dog was carefully investigated by Bischoff (’45), who 
declared that in that animal ovulation is entirely independent 
of pairing. This observation has since been confirmed by Mar- 
shall and Jolly (05), who also found that the bitch has typically 
two sexual seasons each year. Further confirmation has come 
from Ancel and Bouin (’08), who, in addition to finding ovulation 
occurring independently of copulation, discovered that the Graa- 
fian follicles in the dog rupture in turn. 

Ovulation phenomena in the guinea-pig gave rise to a spirited 
controversy between Bigcheff (’52 and °66), who claimed that 
the Graafian follicles in that animal ruptured entirely independ- 
ently of pairing, and Reichert (’61), who declared that ovulation 
only occurred nine to ten hours after copulation had taken place. 
In his second paper, replying to Reichert, Bischoff states that 
he has experimentally demonstrated in dogs, rabbits, guinea- 
pigs, rats, sheep and swine that follicles mature and rupture with- 
out relation to pairing, the full data of this work being given in 
an earlier paper (Bischoff ’44). Hensen (’76), in his paper on 
the early development of the guinea-pig, quotes the opposing 
views of Bischoff and Reichert, without expressing any opinion 
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of his own, and Lams and Doorme ('07) quote Reichert alone. 
The careful researches of Rubaschkin (’05), however, have defi- 
nitely confirmed Bischoff’s original contention, and it may there- 
fore be considered as finally settled that in the guinea-pig 
ovulation and pairing are essentially independent phenomena. 

The rabbit's egg has been studied by Barry (’39), Bischoff (’42), 
Coste ('47), Heap ('05), and by Dubreuil and Regaud (’08). 
Barry, and the last three authors named above find, contrary to 
Bischoff, that the rabbit cannot ovulate until a short time after 
pairing*has occurred, but Coste claims to have induced ovulation 
by taking females which, isolated from males, had been in heat 
for a number of days, and allowing males to cover them without, 
however, allowing them to remain together long enough for actual 
insemination to take place. Heape, and Dubreuil and Regaud, 
on the contrary, find that if, in this animal, pairing for any reason 
does not occur during the oestrus period, the eggs which would 
naturally have been discharged all degenerate within the ovaries. 
Indeed, according to Heape, if the male is withheld from the doe 
during several consecutive periods of oestrus, most, if not all, 


of the older and many of the younger follicles undergo degenera- 


tion, and this may result in a more or less permanent sterility. 

Marshall (’03 and ’04) has studied the oestrus cycle in the 
sheep, and in the common ferret. He states that Scotch black- 
faced ewes can, during the regular sexual season, ovulate without 
pairing, as claimed by Bischoff ('44) for ewes in general, but 
pairing, according to Marshall, even then may hasten the process 
of ovulation, which outside of such rutting periods may be de- 
pendent upon copulation. The common ferret, Marshall finds, 
behaves as recent investigators have found to be the case with 
the rabbit, ovulating only after pairing. The withholding of the 
male greatly prolongs the period of heat, and in a few exceptional 
cases is said to lead to the death of the female. 

Benecke (’79), Eimer ('79), Fries ('79), Van Beneden and Julin 
(’80), and Van Beneden (’99) are all agreed that in all the various 
species of bats that they have studied, pairing takes place several 
weeks before the eggs leave the ovaries. 

The condition of affairs in mice has been disputed by Sobotta 
(’95 and 'o7) and Kirkham (’07), who have claimed the inde- 
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pendent occurrence of ovulation and pairing, by Gerlach (’06), 
who denied such independence, and by Lams and Doorme (’07), 
who state that ovulation in the mouse is perhaps connected with 
pairing. 

Bischoff (’44) did a little work with rats, and he came to the 
conclusion that in them ovulation could take place without pair- 
ing, but he confessed that his evidence was incomplete. 

In view of these uncertain and conflicting statements, it has 
seemed desirable to submit the matter of the relation, if any, 
between ovulation and pairing, to a critical test in the ease of 
the rat and the mouse, using, in some instances, individuals that 
had been isolated from as early a period as the sex could with 
certainty be externally determined. The four female white mice 
used were virgins from two litters, by different parents, and 
were kept apart from all males, including their brothers, from 
the time they were two weeks old. Three of these females 
were born in the laboratory in the middle of December, 1908, 
and the other early in January, 1909, and all four, until they had 
been weaned, were isolated with their respective mothers. 

One of the virgins born the previous December was chloro- 
formed on March 19, 1909, a day selected by chance, without 
any special calculation other than the general knowledge that the 
mice born about the same time as the test animals were beginning 
to show signs of pregnancy. When the body of this animal was 
opened, and the ovaries examined, bright red spots were found 
upon both these organs, a characteristic sign that ovulation had 
recently occurred. The ovaries and Fallopian tubes were then 
removed from the body, and serial sections were prepared in a 
manner described in a previous paper (Kirkham ’07). The study 
of this material has revealed seven eggs in the Fallopian tubes, 
beside numerous eggs still in the ovaries, the latter undergoing 
degenerative changes after having formed the first polar body 
and second polar spindle. The tube eggs appear in every respect 
like those obtained from females which had paired, and were 
then killed before the spermatozoa had reached the eggs. A 
varying number of follicle cells are found associated with the eggs, 
the zona pellucida in all cases is sharply defined, all the eggs 
possess second polar spindles, and in two instances the first polar 
body is still visible, although decidedly atrophied. 
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The remaining three virgin mice were killed March 30, 1909, 
and of those born in the preceding December, the Fallopian 
tubes of one yielded nine eggs, similar to those mentioned above, 
except that seven still showed first polar bodies; the ovaries of 
the other animal had upon them the white scars indicative of 
well formed corpora lutea, and no sign of eggs was found in 
either Fallopian tube. Both sets of ovaries contained a number 
of mature eggs undergoing degeneration. The female mouse born 
in January showed no signs of having ovulated, no evidence of 
either young or old corpora lutea being found on either ovary, 
nor any trace of eggs in the Fallopian tubes. The ovaries of 
this animal, however, have in them several eggs with first polar 
bodies and second polar spindles, but all appear to be degen- 
erating. 

From these observations we may safely conclude that not only 
is ovulation in adult female white mice independent of pairing, 
as stated by Sobotta (’95 and ’07), and by the writer (’07), but 
that it is an independent process from the start, maturation and 
ovulation occurring in the females without regard to pairing, 


although at present we do not know with what regularity. 
These results, also, are not only of general interest, but they 
possess value as showing the mouse to be an eminently suitable 


mammal upon which to investigate the possibility of artificial 
parthenogenesis. 

A further fact which should be noted here, is the change of 
opinion, on the part of the writer, regarding the fate of the first 
polar body formed by the mouse egg. In 1907 the writer stated 
that his observations led him to believe that when the first polar 
body was not found with the egg, it had been forced through the 
zona pellucida at the time of ovulation. That same year Lams 
and Doorme (’07) published a paper on the development of the 
mouse egg in which they stated that the first polar body in that 
animal underwent degenerative changes leading finally to its dis- 
appearance. These authors figured a few first polar bodies in 
an advanced state of atrophy, and the present writer has since 
confirmed their conclusions, using some material of his own ob- 
tained since the publication of his first statement on the subject. 
A fairly complete series of degenerating first polar bodies — some 
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belonging to eggs themselves degenerating within the ovaries, 
others in the process of early cleavage in the Fallopian tubes — 
make it practically certain that in the-case of such mouse eggs 
as have reached or passed the stage when the second maturation 
spindle is formed, and yet show no trace of the first polar body, 
this body has broken up and disappeared; in all instances of 
such degeneration the chromatin granules lose their distinctive 
staining qualities some time before the final dissolution of the 
polar body cytoplasm. 

The observations on rats were limited to two adult white fe- 
males. These animals were kept in a large cage with males and 
other females until they showed signs of advanced pregnancy. 
They were then isolated in separate cages, and a close watch was 
kept for the appearance of the litters. As soon as found, the 
young rats were taken from their mothers, and then the latter 
were killed, one twenty-four, the other forty-eight hours later; 
it having been previously determined that the white rat, like the 
white mouse, during the warm months of the year is usually in 
heat directly after giving birth to a litter. When the bodies of 
these animals were opened, characteristic corpora lutea were vis- 
ible on all the ovaries, and after the ovaries and Fallopian tubes 
had been sectioned and stained, eight tube eggs were found in 
one animal, and five in the other. These eggs have exactly the 
appearance of eggs obtained from female white rats which have 
been allowed to pair and then are killed just before fertilization 
can take place; the zona pellucida in all cases is well preserved, 


all of the eggs possess second polar spindles, while a majority 
show no trace of the first polar body, it probably having previ- 
ously degenerated. 

The points to be emphasized in these researches are three in 
number: 


1. Virgin white mice mature eggs and discharge them from 
their ovaries at practically the same age as their sisters who have 
been allowed to pair, and such eggs show no differences from 
other unfertilized eggs. 

2. Adult female white rats during the active breeding season 
ovulate regularly, immediately after giving birth to a litter, 
whether pairing is or is not allowed to take place. 
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3. The first polar body has degenerated in such mouse and 
rat eggs as show no trace of it, and yet have reached or passed 
the stage of the second maturation spindle. 


SHEFFIELD SCIENTIFIC SCHOOL OF YALE UNIVERSITY, 
March, 1910. 
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DESCRIPTION OF AN ABNORMAL LOBSTER 
CHELIPED.' 


LEON J. COLE, 


UNIVERSITY OF WISCONSIN. 


While visiting the United States Fish Hatchery at Gloucester, 
Mass., during the summer of 1908, my attention was called to 
an abnormal lobster (Homarus americanus) which was at that 
time preserved in formalin. The specimen was taken in Glou- 
cester harbor by a local fisherman in the preceding May, and was 
kept alive in an aquarium at the hatchery about a week before it 
died. Through the kindness of Mr. Corliss, superintendent of the 
hatchery, I was enabled to secure the specimen for description. 
The abnormality consists of a double extra claw on the left cheli- 


ped, and while not different in general type from specimens which 
have previously been described, it does possess certain peculiari- 


ties which would appear to justify placing it on record. The 
right cheliped was missing when the lobster was caught. From 
the appearance of the scar, and the fact that there is no evidence 
of regeneration having begun, it is probable that the loss of the 
appendage was comparatively recent. The especial interest of 
the present specimen lies in the fact that the extra claws are so 
well developed and that their arrangement is almost schematic 
of the principles, or ‘‘rules’”’ of secondary symmetry laid down by 
Bateson (1894, p. 479), if we make allowance for the torsion 
which normally occurs in the cheliped of the lobster. 


- DESCRIPTION. 
The lobster possessing this abnormality is a male, 237 mm. in 
length from tip of rostrum to end of telson. 
Claws.—The part which represents the primary claw (PrL 
of figures) is practically a normal left chela of the crushing 
type, except for an abnormal outgrowth from its outer (morpho- 


‘Paper from the Zodlogical Laboratory, Sheffield Scientific School of Yale 
University. 
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logically posterior) face. This outgrowth does not arise from 
the middle of the outside face of the primary propodus, but 
rather from the ventral half of its surface, the significance of 
which in its relation to the planes assumed by the various claws 
will be discussed further on. In general appearance the out- 
growth represents a more or less completely doubled extra claw,’ 
and according to the classification given by Emmel (1907) would 
fall in the class having “‘abnormal processes arising from the 
normal propodite,”” and under this heading it would probably 
have to be classed with those having ‘‘two extra indices and 
double extra dactyl.” It differs, however, from any previously 
described specimens in this category, so far as I am aware, in 
the degree to which the double dactyl approaches the condition 
of two separate dactyls, it being markedly bifurcated at the tip, 
whereas in the case (specimen No. 4) described by Emmel, 
what he takes to be the double dactyl is only a small undivided 
“stump.” The strength of his interpretation lies in the fact 
that both the double dactyl and the index in other specimens may 
be represented by an undivided process, the double character 
of which is indicated by its having teeth on two opposite sides 
(cf. Emmel’s specimens No. 2 and No. 3). 

Considering now only the supernumerary outgrowth, the basal 
part, which represents a double propodus, has along its ventral 
side a deep groove, as may be seen in Fig. 2. The continuation 
of the divergent ridges which bound this groove form two separate 
and distinct indices (J’R and I’ L), each of which, taken by itself, 
appears like a practically normal index. They are, moreover, 
essentially alike except that their relations of symmetry are re- 
versed, so that one would appear as the image of the other in a 
plane mirror placed between them. This relation will, however, 
be discussed more fully later. The opposing dactyl is also di- 
vided for nearly half its length, on account of the bifurcation 
mentioned above, the divergent branches (D’ R and D’ L) meeting 
in opposition the corresponding extra indices (J’Rand I'L). The 
double character of the dactyl clear to its base is indicated by the 
fact that the rows of teeth on the two tips continue in separate 
and distinct lines down the inside of the basal portion. Further- 


' The extra claws are somewhat smaller than the norma! or primary claw. 
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more, on the dorsal side near the base, the single spine of the 
primary dactyl (SpDL) is represented by two similar spines 
(SpD’'R and SpD’L). The row of spines down the dorsal ridge 
of the extra propodite is very weak, whereas there is a row of 
strong spines in the. corresponding position on the normal propo- 
dite (PrL). Thisis a result of the “compounding” at this level, 
to be mentioned again below (p. 264). 


DLY 
SpD’/R 


SpD/L\ 
Pr'(R+ L)per>> 


Fic. 1. Photograph of abnormal cheliped from dorsal side. (For explanation 
of abbreviations used in the figures see list on p. 267.) 


The distance between the tips of the two diverging extra dac- 
tyls (D’ Rand D’ L) is very slightly greater than that between the 
tips of the two extra indices (J’R and I’ L), so that if the double 
dactyl closed down squarely it would tend to make the tips lap 
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over on the outside (morphologically dorsal side) of each of the 
index tips; but, as may be seen in Fig. 1, they do not close 
squarely, but instead the double claw shuts in such a manner 
that both the dactyl tips overlap the index tips on the side toward the 
normal (primary) claw. Thus D’L overlaps on the ventral side 
of I'L, and D’R on the dorsal side of I'R. In this connection it 


Pr!(R4+L) 


a 
+L)] 


Fic. 2. Photograph of abnormal cheliped from ventral side. 


is interesting to note that the normal dactyl (DL) when closed 
overlaps decidedly on the ventral side of its index (JL), that is, 
on the side away from the extra claws. All these dactyls thus 
overlap their respective indices on the side toward the median 
plane of the animal, in this matter not agreeing with the morpho- 
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logical symmetry which obtains in other respects. As is to be 
expected the teeth on the extra claws are plainly, like those of 
the normal claw, of the ‘‘crusher’’ type. 


No attempt was made to study the internal anatomy further 
than to note that the extra double dactyl has two adductor ten- 
dons, but only a single abductor tendon. This condition is what 
might be expected from the way in which the two extra dactyls 
(D'R and D’L) are “compounded”’ (vide infra) at their base. 

Carpopodite-—The effect of the doubled condition distally is 
very evident in the carpopodite. It is much broader distally 
than a normal carpopodite, especially as viewed from above. 
This is due in large part to an extra process (d.p’.) on the posterior 
face of the appendage in the middle of the area which is evenly 
concave in the normal lobster. This process is in line with the 
double dactyl (D’L and D’R), thus having the same relations to 
this doubled extra part that the dorsal articular process (d.p.) 
has to a normal dactyl. Opposite d.p’.,in the concavity of the , 
anterior side, is a smaller process (v.p’.). The normal ventral 
articular process (v.p.) is present, but, apparently due to the 
disturbing influence of the abnormal parts, the articulation of 
the chela with it is not close.’ The only close articulation is, 
then, with the dorsal process (d.p.), and although the chela can 
be moved on this in the normal plane of movement, it is capable 
of a slight movement in other directions as well. The hinge- 
like movement in the normal plane (7. e., on the axis between 
d.p. and v.p.) is, moreover, greatly limited by the secondary 
processes (d.p’. and v.p’.). Whereas in the normal lobster the 
claw (propodite) can swing on the carpopodite through an arc 
of about 90°, it is limited here to a movement of 25°. A smooth 
spot on the shell (x, Fig. 3) shows where d.p’. has stopped the 
movement of the claw in that direction, and the nature of the 
surfaces at v.p. shows that in the living animal there must have 
been some movement of ‘the claw in the plane at right angles to 
the normal plane of movement. 


1 It would look as though the presence of muscles belonging to the abnormal 
part, which by their action tended to swing the claw on the secondary axis d.p’.—v.p’., 
had prevented a close articulation at v.p. A careful study of the musculature of 
the carpopodite would be of much interest, but it was found impracticable to make 
such a study at the present time. 
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The arrangement of certain of the spines also goes to show that 
d.p’. is to be considered as the equivalent of a double dorsal 
articular process corresponding to the doubled abnormal claw; 
but there is no need to go into the details of this matter, which 
can be made out in the figures. 

Meropodite.—Here, too, the abnormality is evident. The joint 
is relatively much thicker than the corresponding joint in a 


Fic. 3. Abnormal cheliped seen Fic. 4. Normal left cheliped of 
from posterior side (really a little a lobster, seen from posterior side 
ventro-posterior). (really a little ventro-posterior). 


normal lobster. The normal plane of articulation between the 
meropodite and the carpopodite is morphologically horizontal, 
the articular processes therefore being anterior (Figs. 3 and 4, 
a.p.) and posterior (p.p.). These processes and the articulation 
are essentially normal in the abnormal claw, but in the concavity 
of the (morphologically) ventral side is a large process (p’) which 
apparently represents one point for an incipient axis of articu- 
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lation in a plane at right angles, or nearly so, to the normal 
articulation. This condition corresponds to that between the 
carpopodite and the propodite, described above. There is no 
evidence of the corresponding process on the opposite side, how- 
ever, nor is there any articulation with p’, the distal portion swing- 
ing normally on the axis between a.p. and ~.p. But while this 
movement covers an arc of approximately 45° in a normal claw, 
it is here limited to a range of between 25° and 30°. There is 
no sign of duplication of the large spine (sp.) on the dorsal side 
of the meropodite. 

Ischiopodite.—The ischiopodite, instead of being broad and flat, 
as in normal cases, is broadly triangular in cross section, while 
the line of articulation between it and the meropodite is much 
less oblique than normal. The motion at this place is normally 
(in the legs following the cheliped) on an essentially dorso-ventral 
axis (d.a.—v.a.), though due to torsion in the chelipeds it becomes 
greatly inclined. In the abnormal specimen the dorsal articu- 
lation (d.a.) appears practically normal, but on the ventral side 
there are two points of articulation (v.a. and a’.). Being thus 
hinged at three places the joint is stiff and incapable of move- 
ment in any plane. The row of spines running down the ven- 
tral side of the meropodite and continued on the ischiopodite, 
proves the articulation (v.a.) in line with these to represent the 
normal one, while the other (a’) is secondary. 

The articulation between the ischiopodite and the basal podo- 
meres is apparently normal, though the ischiopodite here has 
on its posterior side a ridge (r) which is not present in normal 
specimens. This ridge ends in a short, blunt process, much like 
an articular process, but there is no articulation with it. It 


does in all probability, however, represent such a secondary 
process, being placed, as in the other joints, midway between 
the normal points of articulation. 


RELATIONS OF SYMMETRY. 

Torsion.—It is a matter of common knowledge that in de- 
velopment the cheliped of the lobster undergoes a twisting or 
torsion, as a result of which the chele come to lie in a nearly 
horizontal plane, that is, almost at right angles to their normal 
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morphological plane. This is illustrated in Fig. 5. This figure 
represents diagrammatically a cross section through the index 
and dactyl of a normal claw from the left side of a lobster, 
viewed from the position of the distal end of the appendage. 
The posterior side of the claw, which is more darkly pigmented 
in the living lobster, is here shaded, while the ventral]side is 
left clear. The primary morphological relations, as they would 
obtain if the appendage were extended laterally in a horizontal 
I 


/ 


Fic. 5. Diagram to illustrate effects of torsion in a normal left chela. I., 
primary morphological position; II., position as a result of torsion. 


plane and there were no torsion, are shown in the position marked 
I, where the plane passing through the index (JL) and dactyl 
(DL) is vertical. Due to torsion, however, the claw is rotated 
anteriorly’ nearly 90° (probably ordinarily 75°-80°; for con- 
venience, we may call it 80°), so that its plane approximates the 
horizontal, as shown in position II. The dactyl thus lies an- 
teriorly, while the posterior surface (shaded) is uppermost. By 
a bending of the leg now, however, the claws may be brought 


' By “rotated anteriorly” it is meant that the dorsal side has rotated over in 
the anterior direction. 
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around into the position in which they are normally carried, 
that is, ahead of the lobster and pointing forward or even in- 
ward. As a result the dactyl comes to lie on the side toward 
the median plane, or even directed posteriorly. The primary 
claw in Figs. 1 and 2 has nearly the normal position, but as will 
be pointed out below, the torsion and bending are less than is 
usual. Emmel (1907, p. 140) has emphasized the importance 
of taking into account the normal torsion in considering the re- 
lations of supernumerary parts in abnormal chelipeds. 





v 


Fic. 6. Diagram showing the spacial relations and secondary symmetry in 
the abnormal cheliped (full outlines). The dotted outlines show the theoretical 
relations these parts should have in accordance with the “‘rules of secondary sym- 
metry,”’ leaving torsion out of account. 


In Fig. 6, by a similar diagram, are represented the conditions, 
as regards rotation, of the three claws of the abnormal specimen. 
As before, the appendage is considered as being extended straight 
out laterally from the body. It will be noted that as a result 
of the abnormal outgrowth the primary claw (JL, DL) has ro- 
tated only about 45° from the vertical plane instead of nearly 
go° as in the normal (Fig. 5). The amount of torsion in the 
abnormal chelz will be discussed below with the consideration 
of the relations of right and left. It may be said here, that as 
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in the case of the claw, the torsion of the more proximal parts 
of the limb appears also to have been hindered by the abnormality. 

Secondary Symmetry: Dextro-sinestral Relations.—Like most ab- 
normal crustacean appendages with extra processes, the present 
case falls into the category ‘‘in which the extra limb or extra 
parts of a limb are themselves morphologically double.’’ Fur- 
thermore, in accordance with the rules of secondary symmetry 
laid down by Bateson (1894, p. 479), the normal appendage and 
the extra parts lie in the same plane’ and ‘‘the nearer of the two 
extra appendages is in structure and position formed as the image 
of the normal appendage in a plane mirror [M, Fig. 6] placed 
between the normal appendage and the nearer one, at right 
angles to the plane of the three axes; and the remoter appendage 
is the image of the nearer in a plane mirror | M’, Fig. 6] similarly 
placed between the two extra appendages.’ Thus the two extra 
claws are morphologically a pair and belong to opposite sides 
of the body, the inner or proximal one, according to the above 
rule, being a morphological right (the primary claw being a left), 
and the outer one a left. This is evident in the diagram (Fig. 6), 
where it will be noticed by the shading that the relations of the 
posterior (shaded) and anterior (not shaded) halves are reversed 
in the middle claw. In one respect, however, the middle claw 
is not a right; for the normal right claw of this lobster was in all 
probability of the “‘nipper’’ type, the left being a ‘‘crusher.”’ 
As a matter of fact the teeth on both the indices and dactyls of 
all three of the claws of the abnormal appendage (JL, DL; 
I'R, D'R; I'L, D’L) are of the “crusher” type. Thus it is evi- 
dent that while the rules of secondary symmetry hold good for 
the spatial relations they do not apply to the character of the 
parts of the appendage when these normally differ on the two 
sides of the animal.’ 

Bateson (1894, p. 479, et seg.) has shown that a definite rela- 
tion obtains between the position which the extra parts assume 
to each other and to the primary appendage, according to the 
side of the appendage from which they arise. The theoretical 
positions he has illustrated plainly by means of a diagram (loc. 


' This plane (Fig. 6, pl’.) is bent in the present case, owing to torsion. See later. 
* Emmel (1907, p. 110) found the same thing to be true in his “specimen No. 5.” 
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cit., Fig. 154) of the leg of an insect, and most of the cases fit in 
with these expectations very well. 

Adapting to the lobster Bateson’s diagram for the theoretical 
positions of the extra parts when they arise from the ventro- 
posterior (v.p.) side of the normal appendage, as in the present 
case, we have the relations as shown by the complete outlines 


Fic. 7. Diagram illustrating (full outlines) Bateson’s “rules of secondary 
symmetry” as applied to a left lobster chela with double extra claws arising from 
the ventro-posterior side. The dotted outlines show the positions these parts 
would assume if each claw were rotated anteriorly, independent of the others, 
through an arc of 80°. 


in Fig. 7, no allowance being made for torsion. But we have 
seen (p. 259) that the normal lobster claw becomes rotated 
anteriorly through an arc of approximately 80°. If we now 
rotate independently toward its anterior side each of the diagram- 
matic claws in Fig. 7 through an arc of 80°, we arrive at the posi- 
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tions indicated by the dotted outlines in the same figure. Refer- 
ring now to Fig. 6, which represents (by the unbroken outlines) 
the actual positions of the claws, we find that whereas the primary 
claw has rotated in the expected direction—though only about 
45° instead of 80°—the secondary claws appear each to have 
rotated towards their morphological dorsal sides about 35° from 
the planes prescribed in the theoretical diagram (Fig. 7, full 
outlines). These relations are perhaps to be accounted for as 
follows: 

While there is some torsion in the base of a normal cheliped, 
this is compensated for by the rotation of the appendage for- 
ward, as a result of which the axis of articulation at the base 
of the propodite, which is morphologically dorso-ventral, is es- 
sentially vertical, as it is in the succeeding pereiopods. Hence 
the position of the great claw is for the most part due to a torsion 
in the propodite itself. In our abnormal specimen, the axis of 
articulation of the propodite to the carpopodite lies also, as we 
have seen, practically in a vertical plane; but, apparently as a 
result of the mechanical hindrance of the secondary growth from 
its base, the primary propodite has been able to turn only 45° 
instead of 80° from that plane. 

The positions assumed by the secondary claws are a little more 
difficult of explanation. Since, however, they have a tendency 
to rotate in opposite directions, the plane (M’) midway between 
them should remain constant in position whatever the amount 
of torsion, as shown in Figs. 6 and 7, and we may first consider 
the relation of this plane to that of the primary claw. By ref- 
erence to Fig. 7 we see that this plane, in the case of a double 
extra process arising from the postero-ventral surface of an appen- 
dage, should make an angle of 45° with the dorso-ventral plane 
(d.-v.). A glance at Fig. 6 will now show that the plane M’ there 
makes the same angle (45°) with the primary dorso-ventral plane 
of the abnormal specimen. As a result, however, of the torsion 
distad of the point of divergence, the three claws no longer lie 
in the same plane (pl., Fig. 7) which passes through the point 
of origin of the extra parts, but a line connecting their centers 
has to curve as shown by Pl’. in Fig. 6. 

We have already noted that the planes of the secondary 
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claws lack 35° of being turned as far as called for by the theoretical 
positions (solid outlines, Fig. 7), to say nothing of the additional 
80° which would be necessary for them to assume the positions 
as a result of normal torsion (dotted outlines, Fig. 7). As a 
matter of fact, this torsion should not be expected in the secondary 
claws, since they divide from each other at a considerable distance 
from the base, and the torsion of the propodite takes place en- 
tirely, or practically so, at its base. There would be no torsion 
in the basal part of the extra outgrowth, since in that region 
which is potentially double, the tendencies to rotation in opposite 
directions would neutralize each other. The divergence of the 
primary claw being further proximal, that has been able to under- 
go some rotation (45°) as already described. Now as to the 
failure of the planes of the secondary claws to lie at right angles 
to each other, as they should, according to Fig. 7, if torsion is 
eliminated. This is probably to be accounted for upon mechani- 
cal grounds, the union of the parts only a short distance proximad 
interfering with and restricting the divergence of these planes. 
If the double outgrowth had taken its origin upon a more basal 
portion of the appendage, it is safe to assume that the planes of 
the distal claws would have attained more nearly the theoretical 
positions. 

The relations of secondary symmetry in the more proximal 
parts of the appendage appear to be amenable to the same rules; 
but owing to the way in which the various parts are ‘‘com- 
pounded” (to use Bateson’s term) before they actually divide, 
this exposition becomes extremely complicated and would serve 
no useful purpose at this time, since the discussion given above 
as to the relations of the claws has served to illustrate the factors 
involved. This compounding accounts for the absence of large 
spines along the dorsal side of the extra propodite, which has 
already been mentioned. 


1In Emmel’s interesting “‘specimen No. 5”’ the extra chele arose from the me- 
ropodite, and he here found (the union being further proximad) that each of the 
claws had undergone a full rotation, each in its normal direction of torsion. Accord- 
ing to his description (Emmel, 1907, p. 141) the primary or normal claw had rotated 
90°, but each of the extra claws had rotated 180°! Why this should have been seems 
difficult to understand and Emmel offers no explanation. Why, with the direction 
of torsion opposed in contiguous claws, its amount should be limited to less than 
90°, as in the specimen here described, is obvious; but why in any case it should 
be greater than 90° seems inexplicable. 
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CAUSE OF THE ABNORMALITY. 


While believing that we must ultimately look to experiment 
for the elucidation of the causes of abnormalities of this sort, 
there are nevertheless certain considerations in the present in- 
stance which are of interest. On the theory that they may be 
the result of injuries, marks indicating such injury have often 
been sought. The scar of an evident injury is very notice- 
able on the carpopodite of the present specimen (Fig. 3, s.); 
but is is equally evident that this injury cannot have been the 
the cause of the abnormality, since, as we have seen, the effect 
of the doubling is obvious as far proximad as the ischiopodite. 
It seems more probable that after some antecedent autotomy of 
the appendage the regenerating bud was in some way injured or 
disturbed so as to produce the abnormality. A definite scar 
for such an injury could not be expected in the fully developed 
appendage. Not only would it be of the greatest importance 
to know whether this abnormality would be reproduced if the 
leg could have been amputated autotomously and allowed to 
regenerate (cf. Emmel, 1907, p. 111), but it would also be in- 


teresting to know whether a lobster could moult normally with 
an appendage of this sort. On account of the extra amount of 
material involved, which would have to be drawn through the 
narrow opening at the base of the leg, it would certainly be a much 
more precarious ordeal than usual. 


SUMMARY. 


In this paper is described the abnormal cheliped of a lobster 
(Homarus americanus), the abnormality consisting of a double 
extra claw. While the extra part actually separates from the 
normal propodus, it is shown that the effects of the doubling may 
be traced to the base of the leg. It is further shown that the 
conditions in this appendage illustrate almost diagrammatically 
the “rules of secondary symmetry” formulated by Bateson, if 
allowance be made for the effects of the torsion which occurs 
in the normal lobster cheliped and the mechanical conditions 
which may modify such torsion. 
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ADDENDUM. 


Since it is of advantage to place on record where they may be 
found the cases of abnormal crustacean appendages, it may be 
well to call attention here to two recent records which might 
naturally be overlooked. They both occur on crabs, and both 
belong to the class of “extra processes arising from the normal 
dactyl,” being directly comparable to the chelz figured by Emmel 
(1907, pl. 1, Fig. 1), Faxon (1881, pl. 1, Figs. 1, 2, 3, 4, 5, 7, 8), 
Herrick (1895, pl. 47, Fig. 191), and Bateson (1894, Figs. 184, 
185). 

The first case is fiured incidentally by Verrill (1908, p. 396, 
Fig. 37) in his report on the ““Decapod Crustacea of Bermuda.” 


Fic. 8. Deformed claw of an undetermined cancroid crab. (After Verrill.) 


Fig. 8 represents the condition of this specimen, which is de- 
scribed as the ‘“‘deformed claw of an undeterminal cancroid crab.” 


Fic. 9. Abnormal crab claw from Stonington, Conn. (After Leavitt.) 


The second case (Leavitt, 1909), illustrated in Fig. 9, is of a 
crab, possibly Callinectes, from Stonington, Conn. The author 
states that there was a brief mention of this claw in St. Nicholas 
for December, 1907. He makes the mistake of considering this 
a reduplication of the entire claw, except that “in the small 
pincer the dactyl is not movable at the base, as it is in the larger 
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one.”” Further, he calls it a case of “homeeosis” and gives a 
general consideration of it in relation to Weismannism, etc. 


LITERATURE. 
Bateson, W. 


94 Materials for the study of variation, treated with especial regard to dis- 
continuity in the origin of species. London, xvi + 598 pp. 
Emmel, V. E. 
07 Regenerated and abnormal appendages in the lobster. 37th Ann. Rept. 
Commissioner of Inland Fisheries, Rhode Island, pp. 99-152, pl. 1-9. 
Faxon, W. 
’81 On some crustacean deformities. Bull. Mus. Comp. Zool., vol. 8, no. 13, 
PP. 257-274, pls. 1, 2. 
Herrick, F. H. 
95 The American lobster: A study of its habits and development. Bull. 
U. S. Fish Comm., 1895, pp. 1-252, pl. A-J, 1-54. 
Leavitt, R. G. 
09 An interesting crab’s claw. The Guide to Nature, vol. 3, no. 3, pp. 89-91. 
Verrill, A. E. 
08 Decapod Crustacea of Bermuda, I.— Brachyura and Anomura. Trans. 
Conn. Acad. Arts and Sci., vol. 13, pp. 299-474, pl. 9-28. 


EXPLANATION OF ABBREVIATIONS USED IN FIGURES. 

a., anterior. 

a’., secondary point of articulation of ischiopodite to meropodite. 

a.p., anterior articular process of meropodite. 

C., carpopodite. 

C+I[C’(R+L)]., carpopodite of abnormal specimen, compounded of the pri- 
mary and secondary parts. 

d., dorsal. 

d.a., primary (normal) dorsal articulation of ischiopodite to moropodite. 

DL, left primary or normal dactyl. 

D'L, left extra dactyl. 

d.p., primary (normal) dorsal articular process of carpopodite. 

d.p’., extra (secondary) dorsal articular process of carpopodite. 

D’R., right extra dactyl. 

I, index. 

IL, left primary or normal index. 

I' L, left extra index. 

I'R, right extra index. 

Is, ischiopodite. 

M, line representing position of a plane mirror placed midway between the pri- 
mary claw and the nearer secondary claw, and normal to the plane in which they 
lie. 

M’, line representing position of a plane mirror placed midway between the 
extra claws and normal to the plane in which they lie. 

Mer., meropodite. 

p., posterior. 
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p’., process representing an incipient secondary articular axis between meropodite 
and carpopodite. 

pl.. plane passing through the point of origin of the secondary growth from the 
primary claw and through both the extra claws. 

pl’., curved line representing the bending of the plane pl. as a result of torsion 
and the mechanical conditions. 

pp., primary (normal) posterior articular process of meropodite. 

Pr., propodite. 

PrL, left primary or normal propodite. 

Pr’ (R+L), extra double propodite. 

r., ridge at base of ischiopodite, possibly representing a secondary incipient 
point for articulation with basal podomeres. 

s., scar on base of abnormal carpopodite. 

sp., large spine on meropodite. 

SpDL, spine at base of primary or normal dactyl. 

SpD’ L, spine belonging to base of left extra dactyl. 

SpD'R, spine belonging to base of right extra dactyl. 

v., ventral. 

v.a., primary (normal) ventral articulation of ischiopodite to meropodite. 

v.p., primary (normal) ventral articular process of carpopodite. 

v.p’., extra (secondary) ventral articular process of carpopodite. 

v.—p., ventro-posterior, the side of the primary claw from which the extra claws 
arise. 

x., smooth spot where the secondary dorsal articular process (d.p’.) of the car- 
popodite has rubbed against the base of the propodite. 

I., position before torsion. 

II., position as a result of torsion. 





METHODS OF ARTIFICIAL PARTHENOGENESIS., 


E. NEWTON HARVEY. 


Papers on the subject of artificial parthenogenesis have been 
fairly abundant during the past ten years, yet somewhat scat- 
tered, appearing in zoological, physiological and chemical jour- 
nals. It therefore seemed desirable to list the important con- 
tributions, giving briefly, but in detail, the various methods of 
exciting eggs to develop, together with results and references, in 
the hope that it might prove of value to future workers. 

Such a list follows. Only annelids, echinoderms, molluscs and 
vertebrates have been included. Under each class the observers 
are arranged in alphabetical order; their researches in chrono- 
logical order. 

As the most important general and theoretical work on arti- 
ficial parthenogenesis may be mentioned the recent book of 
Loeb, “Die Chemische Entwicklungserregung des tierischen 


Eies,”’ Berlin, 1909, in which the various phases of this most in- 
teresting subject are discussed in considerable detail. 
The following abbreviations have been used :— 


. sea water. dist. w. distilled water. 
- molecular solution. P. B. polar bodies. 
- normal solution. esp. especially. 
in. minute. P. D. potential difference. 
. hour. 
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PELAGOSPHAERA, A LARVAL GEPHYREAN. 


HAROLD HEATH. 


In 1905 Dr. Pio Mingazzini published an account ' of a gephy- 
rean worm taken at a depth of 4,500 meters during an expedition 
of the Duke of Abruzzi in the neighborhood of Aukland. It is 
described as a spherical transparent organism, of about 6 mm, 
diameter, with a decided resemblance to certain sipunculid larve. 
However, as the author considered it to be an adult, it was 
placed in a new genus for which he states a new family may 
have to be created. 

Spengel ’ chiefly on the basis of Sipunculus larve taken in the 
Bay of Naples, declares without hesitation that the animal in 
question is a larval form differing in a few minor details from 
other well-known types. The so-called gonad may well be the 
glandular appendages of the oesophagus noted in the young of 
several species. 

During the past year two individuals, belonging to this pro- 
posed genus, have been taken in the surface plankton of Monte- 
rey Bay, Cal., and there is no doubt they are immature, the 
“‘gonadi”’ being, as Spengel surmised, glandular appendages of 
the pharynx. Nevertheless they present a number of features 


of considerable interest that are herewith described in some de- 
tail. 


Both, apparently belonging to the same species, are spherical 
and measure 2.5 and 3.2 mm. respectively. In life the body 
wall was almost transparent, the muscles, especially those radia- 
ting from the mouth opening, appearing much as they do in 
Doliolum or Salpa. The alimentary canal was light yellow and 


the nerve cord and especially the brain were more opaque and 
fairly distinct. 


The most prominent structure of these animals is the alimen- 
tary canal, which in its general features resembles that of the 
'“Un Gefireo pelagico: Pelagosphera aloysii n. gen. n. sp.,"" Rendic. Accad. 


Lincei, cl. sc. fis., mat. nat. (5), Vol. 14, pp. 713-720. 
*“Fine verkannte Sipunculus-Larve,” Zool. Anz., Bd. 31, 1907 
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species studied by Mingazzini though there are some important 
organs that have remained undescribed. The mouth (m) opens 
into a gradually enlarging cavity, lined with a continuation of 
the cuticle surrounding the body as far as the opening of the 
ventral glands. At this point a large pouch-like diverticulum 
(d) is developed chiefly on the dorsal side of the gut, and the 
naked cells of its lining epithelium are relatively high and slender 
and bear an excessively heavy coat of cilia at least two or three 
times their own length. In his figures Mingazzini represents six 
large retractors and a f2w smaller strands attaching to this point 


Fic. 1. Larval gephyrean (Pelagosphaera). The stippling of the gut is merely 
to differentiate the different divisions. d, dorsal ciliated diverticulum; g, glands 
and duct, slightly displaced; m, mouth; ?, ventrical non-ciliated pouch or pharynx; 
s, stomach-intestine; v, ventral nerve cord leading to brain partially concealed 
by pouch d. 


(though there is no sign of a pouch) and on the other hand 
radiating outward to become united to the body wall. In the 
present specimens the same is true. It appears probable there- 
fore that this ciliated diverticulum may be-everted and act as 
a locomotor organ as Wilson‘ has described in the case of Echiurus 
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pallasii. And furthermore the proboscis or everted portion 
would, owing to its dorsal position, form a protuberance on the 
dorsal side of the mouth which would be situated, asin Echiurus, 
at its base. Perhaps to facilitate the eversion of this part of the 
digestive tract another outpouching (p) occurs on the ventral 
side of the gut, but its cells though columnar lack the ciliated 
coat, and it is without special retractor muscles. , 

This reference to Echiurus does not necessarily prejudice one 
in favor of the belief that the larve in question belong to this 
or allied genera. Setz are totally lacking, there are no signs of 
segmentation, and so far as may be seen there are no cilia on the 
external surface of the body as in other gephyrean larve. For 
the present, at least, the question of systematic relationships 
cannot therefore be definitely determined. 

Ventral to the gut in this same region are two spheroidal 
glands (g) in close contact with each other. In life they bear a 
fairly close resemblance to ova, which doubtless led Mingazzini 
to describe these organs as the gonad. Each is composed of a 
mass of pyriform cells, densely packed with a finely granular 
secretion from which ductules extend toward the inner face of 
each gland. A small duct, opening into the pharynx or cesopha- 
gus, extends anteriorly a short distance, and then bending ven- 
trally it passes between the two glands whose ductules unite 
with it. 

Beyond this point the digestive tract pursues an irregular 
course, and bending on itself passes dorsally to the anal opening. 
Three distinct divisions are clearly defined, the oesophagus, 
stomach-intestine and rectum. The first of these is of irregular 
outline, of relatively large caliber and its walls throughout are 
composed of columnar cells bearing a coat of delicate cilia. In 
the region of the stomach-intestine it narrows considerably and 
its walls become longitudinally folded. The stomach-intestine 
(s) is at first a comparatively large sac with highly glandular 
walls, each gland cell pyriform with the swollen distal end dis- 
tended by some lightly staining, vacuolated secretion. Diatoms 
occur in this section of the tract together with small quantities 
of some other material, all of it enveloped in a stringy looking 
coagulum. Although the gut is narrowed for a considerable dis- 
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tance before the rectum is reached, and appears in whole mounts 
to be differentiated into a definite intestine, sections show that 
this same glandular epithelium extends from cesophagus to rec- 
tum. This latter structure is characterized by longitudinally 
folded walls lined with cuticle and provided near the anal opening 
with a strong sphincter muscle. 

The nervous system is free from the ectoderm and is con- 
structed upon the usual gephyrean plan. Posteriorly the nerve 
cord terminates in a slight enlargement, as noted by Mingazzini, 
and on the other hand, after following the body wall to a point 
close to the pharynx it bends inward and in the neighborhood of 
the duct of the ventral glands bifurcates to form the cesophageal 
collar. The course of these connectives in two or three sections 
is difficult to follow, owing to their small size and the abundance 
of connective tissue and muscle fibers, but the plan shown in 
the figure is probably not far astray. The bilobed brain is very 
distinct in both sections and in whole mounts, but it has been 
impossible to trace any nerves from it with the exception of the 
connectives. 

The kidneys are two in number and consist of short coiled 
tubes opening to the exterior. I have examined these organs 
with much care but have failed to find that they have any internal 
opening. In every case the two extremities ‘are in close contact, 
but the glandular portion includes the distal extremity, apparent- 
ly, and if any inner pore does exist it is minute and not a well- 
developed nephrostome. The gland cells are fairly well defined, 
more or less vacuolated and contain considerable quantities of 
a finely granular secretion. In the neighborhood of the pore the 
glandular elements disappear, the canal becomes of much smaller 
caliber and after a short, sharp twist opens to the exterior. 

The fatty substance described by Mingazzini is lacking in the 
present specimens, though in all probability this may be a variable 
feature. Also no trace of sex cells has been found, and there is 
therefore no reason to consider this an adult form so that a 
generic name is uncalled for as Spengel maintains. 
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